We have designed and implemented a model for rendering and animating water drops moving on a surface under physical effects such as gravity, surface affinity and wind.
INTRODUCTION
Water is one of the natural phenomena which is difficult to model mathematically. The equations that define the statics and dynamics of water involve advanced mathematical constructions, and still they do not apply to water at every scale. In this project, we aimed at rendering water at the droplet scale. In the rest of the paper, we will investigate the commonly used models to represent water drops, the physical phenomena taken into account, and the methods used to render the droplets; along with our choices and contributions.
SURFACE AND DROP MODELS
In the studies that focus on rendering droplets, generally the position and the shape of the droplets are separated [1] [2] [3] . The separation means that while one model calculates the positions of the drops as discrete entities, another model calculates the shape of the droplet. This is not the case with more general liquid models, in which the liquid body may be a continuous volume. The separation of position and shape allows interchanging one of the models, e.g. one shape model for real-time rendering and one for more realistic rendering [2] .
In this project, we implemented a two-level discrete surface model to calculate the positions of droplets, in which the surface is made up of a rectangular grid of cells. Each high-level cell has an affinity property, which defines how much that cell likes water. A droplet will always be on one of the cells, traveling to another if the position calculation turns out to be so. This high-level grid model for the surface is the one used in [1] for flat rectangular surfaces, and in [2] for biparametric Bezier patches.
Whenever a droplet is calculated to move from one cell to another, a low-level, finer grid is imposed on the route of the droplet. This finer grid makes a more detailed rendering of droplets possible. The advancing front of the droplet will not always be in a round shape, it will be affected from the surface impurities. To our knowledge, none of the studies that use the discrete surface model makes any effort to take into account the variation of forces and surface characteristics within the scale of a droplet size.
PHYSICAL PHENOMENA
Accurate simulation of water motion involves advanced physics. In [4] , to calculate the surface tension on the drop and between the drop and the surface, Navier-Stokes equation (which involves partial differentials) is used. Many of the studies simplify the physics. Some models involve only Newtonian dynamics. Our physical model is a modified 978-1-4244-1755-1/08/$25.00 ©2008 IEEE 3DTV-CON'08, May 28-30, 2008, Istanbul, Turkeyversion of the model described in [2] , which is such a model.
Forces and Parameters
The physical forces and physical characteristics that we take into account are:
x Gravity
x Wind
x Surface tension (To give a realistic shape to droplets)
x Interfacial tension between liquid and solid (as a resistive force, like friction)
x Affinity of surface to water (whether the surface is hydrophobic or hydrophilic)
The parameters we ignore are:
x Viscosity of liquid
x Air resistance
MOTION ALGORITHM
As mentioned above, gravity is taken into account for the simulation. Our model assumes that the direction of the gravity does not change (i.e. position and orientation of the surface is fixed during the simulation) and furthermore, it is parallel to y-axis of the surface. Owing to these simplifying assumptions, the motion calculations are reduced to deciding whether a drop moves down or stays where it is in each simulation step (Algorithm 1).
However, if the entire drops do was moving down, the results would not look realistic. Water drops do not always move directly in the direction of gravity: They meander to make streams that do not follow a line on the surface. In order to model this behavior, the drops are allowed to move diagonally to down-left or down-right [1] .
Revising the statement about motion calculations above:
The motion calculations involve: (1) deciding whether a drop moves down and (2) if it moves, deciding which cell it moves to.
Whenever a drop moves down, it leaves a small amount r of water at its originating cell. 
Decision to Move or Stay
A drop of water moves down if its weight exceeds a configured static critical weight, and continues moving down until its weight is below a configured dynamic critical weight [1] . This method may remind the way a solid object reacts to friction and an external force parallel to the surface it is standing on.
Decision of Movement Direction
Once a drop on cell C i,j (i being the row number ascending upwards, j being the column number) is decided to move down, a routine is invoked to determine the destination cell among the three alternatives C i-1,j-1 , C i-1,j , C i-1,j+1
( Figure 1 ). This routine decides the direction as follows [1]:
1. The water amounts at the three cells are compared.
The drop moves to the cell which holds the greatest amount of water. 
RENDERING OF DROPS
Depending on the constraints of an application, various methods can be used to render a water drop. One study that aims real-time rendering in 1993 [1] uses nothing more complicated than a sphere as the shape of the droplets.
Another study [5] uses ellipses to give the appearance of drops deforming due to gravity. More complicated methods include triangle meshes [3] , metaballs [2] , metaballs with vector fields instead of scalar fields [6] and other implicit surface methods which are used together with particle systems [7] .
We used a set of metaballs to render each water drop: A bigger blob is placed in the lower part, and a smaller and flatter blob is placed in the upper part. Thus, the appearance of a drop under the effect of gravity is conveyed. 
